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INTRODUCTION 



An important gonsideration in the seleetion of a metal f or 
many applieations is the ease with whieh the metal ean be 
fashioned into the Bnished artiele by maehining. Aleoa 
aluminum offers many advantages, for it does possess good 
maehining eharaeteristies. This booklet presents information 
for use by tool designers and maehinists so that these advan- 
tages may be more fully realized. 

Tools and praetiees eommonly employed in maehining steel 
often perform satisfactorily when applied to some of the 
aluminum alloys. However, beeause of the relatively wide 
range of ehemieal, metallurgieal and physieal eharaeteristies 
exhibited by the eomplete family of aluminum alloys, it is 
neeessary to employ somewhat different maehining pro- 
eedures to attain optimum performance. 

It is, therefore, the purpose of this booklet: 

1. To outline specific, desirable eharaeteristies in tools for 
maehining aluminum and its alloys. 

2. To suggest speeds, feeds and depths of euts whieh will 
operate these tools satisfactorily. 

3. To indieate where eommon praetiee as well as tools of 
standard design may be used. 

4. To point out where the use of speeial praetiees or tools 
will produee better results. 



TEMPER DESIGNATIONS 
OF ALUMINUM ALLOYS 

— F As fabricatecl. 

— O Annealed, recrystallized (wrought produets 
only). 

— H Strain-hardened. 

— Hl, plus one or more digits. Strain-hardened 
only. 

— H2, plus one or more digits, Strain-hardened 
and then partial annealed. 

— H3, plus one or more digits. Strain-hardened 
and then stabilized. 

— W Solution heat-treated— unstable temper. 

— T Treated to produee stable tempers other than 
— F, -O, or — H. 

— 12 Annealed (east produets only). 

— T3 Solution heat-treated and then eold- 
worked. 

—14 Solution heat-treated. 

—15 Artificially aged only. 

— 16 Solution heat-treated and then artificially 
aged. 

—17 Solution heat-treated and then stabilized. 

— T8 Solution heat-treated, eold-worked, and 
then artificially aged. 

— T9 Solution heat-treated, artificially aged, 
and then eold-worked. 

— TIO Artificially aged and then eold-worked. 
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CHARACTERISTICS 
OF ALUMINUM ALLOYS 



The word "aluminum" is eommonly used to deseribe the 
pure metal and its alloys in various tempers of east or wrought 
produets. Eaeh alloy is identified by a number whieh is fol- 
lowed by the letter "S" only if the alloy represents a wrought 
produet. Tempers are designated in aeeordanee with the 
symbols shown on the facing page. 

The nominal ehemieal eompositions of some of the alu- 
minum alloys are presented in Table 1, page 8. Typieal me- 
ehanieal properties of these alloys may be found in Tables 4, 
5 and 6, pages 58, 60 and 62, respectively. 

Aluminum weighs only about one-third as mueh as steel 
or brass; henee, its use is frequently more eeonomieal beeause 
more pieees of a given size ean be made from the same total 
weight of metal and eaeh part ean be handled with greater 
ease. Its lighter weight also permits higher maehining speeds 
when inertia forces are eontrolling factors. 

Aluminum "springs" about three times as mueh as steel 
under a given load and, although this eharaeteristie is used 
frequently to advantage in the applieation of the part to be 
maehined, it offers a disadvantage in some maehining op- 
erations. Care should be exercised in elamping or ehueking 
aluminum to insure that the work is not distorted. 

Aluminum expands or eontraets about twiee as mueh as 
steel for a given ehange in temperature. A good general rule 
to remember is that eaeh ineh of aluminum expands or 
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eontraets approximately 0.0001 ineh when the temperature 
ehanges 8° F. Dimensional aeeuraey in the Snished work ean 
be maintained only by minimizing heat in the work and by 
eompleting Bnishing euts at normal temperatures. Overheat- 
ing of the work may arise from the use of improperly de- 
signed or dull tools, from failure to use a lubrieant when re- 
quired, or from the use of heavy feeds or euts. Ghanges in 
dimensions are sometimes eneountered in aluminum alloy 
produets during maehining operations. Sueh distortion may 
result from redistribution or relief of the residual stresses in- 
dueed by heat treatment. The magnitude of the residual stress 
produeed by solution heat treatment depends upon the eom- 
position of the alloy, heat treating temperature, temperature 
and nature of the quenching media, and upon the size and 
shape of the part. The amount of distortion, where en- 
eountered during maehining, is influenced by the design and 
size of the part and by the eharaeter and sequenee of the 
maehining operations. By balaneing maehining operations so 
as to avoid maehining to finished dimensions from one side 
only, these distortion effects ean be minimized. Employing 
an extra light Snishing eut will also aid in eorreeting dimen- 
sional ehanges and distortion resulting from relief of residual 
stresses in the part. 

An outstanding eharaeteristie of aluminum alloys is the 
ease with whieh they ean be maehined. The prineipal f aetors 
whieh affect the relative maehinabilities are ehemieal eom- 
position, physieal form (east or wrought) and temper. In 
Table 1, eommereial aluminum alloys are segregated into 
groups, depending upon whether they are east or wrought, 
heat-treatable or nonheat-treatable. Within eaeh group the 
alloys are arranged in the approximate order of their relative 
maehinability when eaeh alloy is eonsidered to be in its most 
maehinable eondition. The maehinability eharaeteristies of 
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Type III alloys are good; those of Type II are better; and 
those of Type I are best. 

Maehinability is a broad term whieh ineludes eonsider- 
ations sueh as ease of eutting, ehip eharaeteristies, quality of 
Bnish and tool life. Many of the aluminum alloys ean be eut 
fast; the ehips are small; smooth surfaces ean be produeed 
readily; and tool Iife is long. Other alloys are more difficult to 
maehine; they produee euttings that are long and stringy 
— while still others are soft and gummy. Those alloys eon- 
taining relatively large amounts of silieon are abrasive to 
earbon and high-speed steel tools, but ean be maehined sat- 
isfactorily with eemented earbide tools. It is frequently im- 
possible to attain optimum performance in all of the factors 
whieh eomprise maehinability. Thus, tools with rake angles 
~o designed for maximum ease of eutting and surface quality 
might produee euttings having undesirable eharaeteristies. 
Limitations imposed by the support requirements of ee- 
mented earbides eontrol the rake angles whieh ean be used. 

Generally, the easting alloys eontaining prineipally eopper, 
magnesium or zinc ean be maehined rapidly and satisfac- 
torily. For these alloys the tools may have sriialler rake angles 
than are required for most of the other alloys; the ehips will be 
small; and there will be little or no tendeney for the tools to 
leave a burr or for ehips to build up on the eutting edge. On 
the other hand, the easting alloys having silieon as the pre- 
dominant alloying element will maehine best if the speeds 
and euts are redueed and the rake angles inereased. 

Of the wrought alloys, those whieh are heat treated to 
improve their meehanieal properties generally have good 
maehining eharaeteristies. The alloy 11S is the most free- 
maehining of the wrought aluminum alloys; it ean be ma- 
ehined at high speeds with heavy feeds and small rake angles; 
the ehips are small and the finish is excellent. Those wrought 



aluminum alloy produets whieh are not heat treatable, but 
are dependent upon various amounts of strain-hardening for 
improvement of their meehanieal properties are softer than 
the heat-treatable wrought alloys. They ean be maehined most 
readily by tools having relatively large rake angles. Generally, 
the greater the amount of strain-hardening prior to maehin- 
ing, the better the maehining eharaeteristies of the metal. 
However, even the softest aluminum, ineluding high purity 
metal in the annealed temper, may be maehined with ex- 
eellent results when large rake angles are employed and the 
tools are carefully polished. 
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GENERAL CHARACTERISTICS OF 
TOOLS FOR MACHINING ALUMINUM 

Although the maehining properties of the various alloys 
differ widely as has been indieated, the following praetiees, 
in general, characterize the prineipal differences between 
aluminum and most other eommon metals with respeet to 
the tools required. These praetiees should, therefore, be 
carefully observed: 

L Grind more rake on the eutting tools than is eommon 
for maehining steel. 

2. Provide additional spaee for ehips to form and be ex- 
pelled from the tools. 

3. Design tools so that ehips and euttings are direeted away 
from the Bnished work. 

4. Keep eutting edges sharp and free from burrs or wire 
edges. 

5. Maintain smooth, bright, tool face surfaces free from 
seratehes, 

6. Employ high maehining speeds, moderate feeds and 
depths of eut. 

TOOL MATERIALS 

Selegtion of the most suitable tool material for a partieular 
maehining operation is a function from whieh eeonomies ean 
be realized. Eeonomieal use of four general elasses of tool 
materials, whieh perform satisfactorily in maehining alu- 
minum, is diseussed in the following paragraphs. 
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HIGH-CARBON TOOL STEEL 

Beeause of the relatively low eost of plain high-earbon tool 
steel and the ease with whieh it ean be heat treated, tools 
ean be made from this material at the lowest initial eost. 
Sueh tools are adequate for maehining a small number of 
parts or where eutting speeds are neeessarily low. Small, 
fragile tools, sueh as drills and taps, when made from high- 
earbon steel, frequently will outperform more expensive tools 
whieh break more easily. 

HIGH-SPEED STEELS 

The abrasive resistanee, availability and reasonable eost of 
high-speed steel tools result in their being used most widely 
in maehining aluminum. These steels permit use of the de- 
sired large rake angles. The original 18-4-1 type steel, eon- 
taining 18 per eent tungsten, 4 per eent ehromium, and 
1 per eent vanadium, has been used with sueeess in most ap- 
plieations. The more reeent development of an 18-4-2 high- 
speed steel has improved some tools, This steel eontains 18 
per eent tungsten, 4 per eent ehromium, and 2 per eent va- 
nadium. It has a higher earbon eontent than the 18-4-1 type. 
The 18-4-2 steels are somewhat more brittle than the 18-4-1 
steels but appear to have a higher resistanee to abrasion, 
whieh makes them suitable for maehining aluminum. 

The molybdenum high-speed steels, substituted for the 
tungsten alloys, give as good results as the 18-4-1 steels in 
most applieations. The balaneed molybdenum-tungsten type, 
eontaining 5.50 per eent molybdenum and 5.50 per eent 
tungsten, seems to give the best results. However, eare must 
be exercised in their use, as they decarburize more easily 
than tungsten steels and, imless kept eool, will burn readily 
during grinding. Tool bits made from eobalt high-speed steels 
also work well in maehining aluminum. 
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CEMENTED GARBIDES 

The prineipal advantage to be gained from the use of ee- 
mented earbide tools, solid or tipped, is the hardness and 
wear-resistanee whieh they offer. The latter eharaeteristie 
is partieularly advantageous in large produetion runs. In 
some eases, the life of earbide-tipped tools has been thirty 
times that for high-speed steel tools. Aluminum alloys eon- 
taining large amounts of silieon are quite abrasive, but ean 
be maehined advantageous!y by earbide tools. There are 
many types of eemented earbides on the market, differing 
both in eomposition and in the nature and hardness of the 
bond. In general, the straight tungsten grades of earbide are 
used for maehining aluminum alloys. Garbide manufacturers 
should be eonsulted for their reeommendations eoneerning 
the proper grade for a specifie applieation. Beeause of their 
brittleness, earbide tools should be used only where they ean 
be supported rigidly. Flexibility in the work and intermittent 
euts often eontribute to breakage of earbide tools. 

DIAMONDS 

Mounted diamonds are used to aeeomplish light Bnishing 
euts on aluminum alloys when an extremely high quality of 
surface finish is required or when extremely aeeurate di- 
mensional eontrol is desired. Speeial maehine tools are ree- 
ommended for sueh work. 

TOOL SHAPES 

Regommended shape eharaeteristies of tools for maehining 
aluminum are summarized most readily by referring to the 
single-point lathe tool shown in Figure 1, next page. The 
following definitions apply specifically to sueh a tool, but, 
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FACE 

I— 




J 



CUTTING EDGE AND 
NOSE GONTOUR 



SIDE CUTTING 
EDGE ANGLE 

0°— 30° 



REFERENCE PLANE 



TOP OR BACK 
RAKE 20° — 50° 

I 




SIDE RAKE 

10°— 20° 



/ FRONT CLEARANCE 

( 8° — 10° 

END LIP 30° — 60° 




SIDE CLEARANCE 

8°— 10° 



Figure l—Lathe tool is set at or slightly above eenter. 

with minor modirieations, are applieable to other single- or 
multiple-tooth tools: 

Face— The surface of the tool over whieh the ehip slides. 

Gutting Edge— The boundary of the tool face at whieh the 
ehip is sheared from the work. 

Reference Plane— A radial plane passing through the tip of 
the tool. 

Top or Back Rake— The angle between the face of the tool 
and the reference plane as measured in a plane whieh is 
perpendieular to the axis of rotation. 

Side Rake— The angle between the face of the tool and the 
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reference plane as measured in a longitudinal plane whieh 
is perpendieular to the reference plane. 

True Rake— The angle between the face of the tool and the 
reference plane as measured in a plane whieh is per- 
pendieular to the eutting edge. 

Side Cutting-Edge Angle— The angle between the eutting 
edge and a perpendieular to the axis of rotation, measured 
in a horizontal plane, 

Front Glearange— The angle between the front elearanee 
surface of the tool and a plane whieh is tangent to the 
rmished work at the tip of the tool as measured in a plane 
whieh is perpendieular to the axis of rotation. 

Side Clearance— The angle between the side elearanee 
surface of the tool and a plane whieh is perpendieular to 
the axis of rotation as measured in a longitudinal plane 
whieh is perpendieular to the reference plane. 

Nose Gontour— The outline of the eutting edge on the face 
of the tool. 

End Lip Angle— The ineluded angle between the tool face 
and front elearanee surface as measured in a plane per- 
pendieular to the axis of rotation. 

Seleetion of proper tool shapes as defined by the above 
factors eontributes greatly to the successful maehining of 
aluminum alloys. The front and side elearanee angles should 
be about 8° to 10° for earbon and high-speed steel tools 
and about 6° to 8° for earbide-tipped tools. Tools whieh are 
not provided with proper elearanee will not perform satis- 
factorily. If the elearanee is too small, the tool will rub against 
the work and generate heat. If the elearanee is too large, the 
tool may tend to dig into the work, ehatter, or fail by ehipping 
at the eutting edge. 
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The eutting aetion of the tool is established by the mag- 
nitude of the top and side rake angles and the nose eontour. 
The true rake angle results from a eombination of all three 
of these factors and most efficient eutting aetion is established 
by the proper eontrol of this angle. This eombination also 
eontrols the path of the euttings, whieh should be away from 
the Bnished surface so that the strain-hardened ehips will not 
damage the surface of the work. Round-nosed tools perform 
very satisfactorily in maehining aluminum beeause they 
permit the proper variation in true rake at various points 
along the eutting edge. At the tip of the tool, where the 
qua!ity of the finish is established, the true rake is equal to 
the top rake. Along the side edge of the tool, where the excess 
metal is slieed from the work, the true rake angle is more 
nearly equal to the side rake angle, The direetion of ehip flow 
may also be eontrolled by varying the side eutting-edge 
angle. Thus, it is possible to design a tool to remove metal 
efficiently and also provide a good finish on the work. Varying 
the true rake angle along the eutting edge also minimizes the 
possibility of ehatter. 

A wide range of rake angles must be eonsidered in de- 
signing and making tools for maehining aluminum alloys 
beeause of the relatively large variation in the eharaeteristies 
of these materials. High-strength and free-machining alloys 
may be maehined satisfactorily with tools, similar to those 
eommonly used for maehining steel, in whieh the rake angles 
do not exceed 10°. Larger rake angles, in the range 20° to 
50°, are required on eertain Snishing tools and for the alu- 
minum alloys whieh are not free-cutting. In general, the 
softer and more duetile the alloy, the larger the required rake 
angles. The softest materials require tools with exceptionally 
aeute and keen eutting edges. 

Tools having large rake angles ean be used only on ma- 
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ehines whieh are sturdy, free from vibration, and whieh have 
no lost motion in the feeding meehanism. In using earbide- 
tipped tools or in some operations involving form tools, it 
may be neeessary to use rake angles smaller than those in- 
dieated in the previous paragraph. Negative true rake angles 
never should be used. 

TOOL FINISHES 

In all gases it is essential that the faces of tools be provided 
with extremely smooth surfaces so that the ehips will glide 
over them with the least resistanee. These suriaees should 
be free from grinding-wheel seratehes. Gutting edges should 
be keen and free from burrs or wire edges. Too mueh em- 
phasis eannot be given to good tool Rnish, beeause upon it 
depends, to a large extent, the sueeess attained in maehining 
aluminum and its alloys. inerease in tool Iife alone will pay 
real dividends for time spent in finishing the tools properly. 
Keen edges and smooth surfaces are best obtained by finish- 
grinding on a fine or very fine abrasive wheel and then hand- 
stoning with a very fine oilstone or lapping. Care should be 
taken so that neither the angles nor the eontour of the eutting 
edge are modified during the Bnishing operations. Where 
possible, eemented earbide tools should be diamond-lapped. 
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ENGINE LATHE PRACTICE 

Consideration should be given to the manner in whieh the 
work is supported in the lathe. Beeause of the high speed at 
whieh it should be turned for best perf ormanee ( see Table 2, 
page 20, for reeommended euts, speeds and feeds), the work 
should be held Brmly by a ehuek, eollet or faceplate. The 
work should be supported in sueh a manner as to minimize 
distortion from the aetion of the ehuek or centrifugal force 
during the turning operation. Use of soft liners between the 
work and jaw faces will prevent the jaw teeth from marring 
the surface of the work. The tightness of jaws whieh expand 
outward to grip the inside of hollow workpieees should be 
eheeked frequently to make sure that thermal expansion of 
the work is not releasing their grip. Long bars whieh are 
introdueed through the hollow lathe spindle should be sup- 
ported on rollers so that whip of the otherwise free end will 
be eliminated. Ball or roller bearing tailstoek eenters are more 
satisfactory than solid, fixed eenters in resisting the rela- 
tively large end thrusts whieh sometimes aeeompany thermal 
expansion of work being turned between eenters. 

TURNING TOOLS 

For ordinary engine-lathe work a round-nosed tool, as shown 
in Figure 1, page 16, may be used. General praetiee is to set 
the tool at or slightly above eenter. Sturdy eonstruetion of 
tools and holders is essential to minimize vibration at the high 
speeds at whieh aluminum alloys are maehined. Although the 
same tool may often be used for both roughing and Bnishing 
euts, it is important that the eutting edge be restoned before 
the Bnishing operation. Figure 1 illustrates a conventional 
type of solid lathe tool made from reetangular stoek. The tool 
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Figure 2—Lathe tool and holder. 



bits used in some of the patented lathe-tool holders also may 
be ground in aeeordanee with the angles shown in this Rgure. 
Figure 2, above, illustrates sueh a tool and holder. 

Another type of tool and holder whieh possesses eertain 
adjustable features is shown in Figure 3, page 23. The bit of 
this tool is made from round stoek of high-earbon or high- 
speed steel, or eemented earbide, Resharpening is readily 
aeeomplished by holding the bit by its shank in the ehuek or 
eollet of a tool grinding maehine or engine lathe and grinding 
off the outside diameter until a keen edge is obtained. After 
eaeh grinding, the tool should be stoned on the top surface. 
By using sueh a tool and folIowing the suggested resharp- 
ening proeedure, the desired shape may be maintained easily. 
When the elamp serew of the tool-bit holder is loosened, 
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Figure S—Lathe tool with bit that is easily ground 
to the proper shape. 



the bit may be turned to various positions, making it ad- 
justable to different working eonditions. Tools of this form 
may be used for both roughing and Bnishing euts. This 
general type of holder, in whieh the tool bit is supported in 
a near-vertical position, is being marketed by a number of 
tool manufacturers, and is partieularly advantageous beeause 
it permits utilization of large rake angles without weakening 
the tool bit behind the face. Although the bit shown in 
Figure 3, above, has a eontoured face, similar square or 
round bits peiiorm very well when the face is flat. Sueh bits 
are reground only on the flat face. 
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PARTING TOOLS 



Tools for parting aluminum and its alloys should have from 
12° to 20° top rake. Standard front elearanee angles of from 
8° to 10° may be employed, but side elearanee angles of from 
2° to 4° are usually sunieient. Providing a front angle of about 
15° on parting tools will minimize the size of the teat on the 
pieee as it breaks off. This should not be attempted on thin 
cutoff blades beeause the resulting lateral force may eause 
the parting tool to lead sidewise. 

BORING TOOLS 

In general,the angles indieated in Figure l,page 16,should be 
employed for boring tools, except that the f ront elearanee angle 
must be larger for small bores; otherwise, the lower portion 
of the tool may rub the work and prevent the tool from 
eutting. By proper design of the tool and holder, the tool 
shown in Figure 3, page 23, may also be adapted to boring 
operations in an engine lathe or a boring maehine. 

GUTTINGS 

When turning some of the aluminum alloys using a tool with 
eonsiderable rake, the euttings may be eontinuous and 
slightly eurled. Deereasing the rake angles or inereasing the 
feed may tend to eurl the euttings more and eause them to 
break up. The extent to whieh this may be done and yet 
obtain the desired surface Bnish depends largely upon the 
alloy being maehined. Long eontinuous euttings may be 
objectionable for two reasons; they may foul the tool and 
maehine, and they may also rub over the Bnished portion 
of the work and serateh the surface, sinee they are harder 
than the stoek beeause of the eold-working they have received 
during the eutting operation. 
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When ehip eontrol eannot be attained satisfactorily by 
modineations in rake angle, f eed, depth of eut, or tool position, 
ehip breakers of various types may be ground into the face 
of the tool. They should be used only as a last resort in 
eontrolling ehips. 

Aluminum euttings from turning, as well as other ma- 
ehining operations, are valuable beeause they ean be re- 
elaimed. Care should be exercised to prevent eontamination 
and, when a premium is paid for eontrolled purity or eom- 
position of serap, the euttings from different alloys should 
be segregated. 




SIDE CLEARANCE 

8°— 10° 



Figure 4—Planer tool for roughing euts. 

PLANING AND SHAPING 

The inertia of the table and ram limit the speed at whieh 
aluminum alloys ean be eut in a planer or shaper. As the 
work generally ean be anehored seeurely, heavy feeds and 
euts ean be taken, whieh, to some extent, eompensate for the 
low eutting speeds attainable. 

A roughing tool is shown in Figure 4, above. It is a sturdy 
tool with only a moderate amount of rake. 
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Figure 5—Planer tool for finishing euts. 



A Bnishing tool is shown in Figure 5. This has eonsiderable 
top rake and an extremely large amount of side rake. It 
gives a long sweep to the eutting edge and produees a de- 
eided slieing aetion whieh euts aluminum freely. A Snishing 
tool should be used for light euts with fine feeds only. Care 
should be taken to prevent the tool from striking the work 
on its return stroke. Observance of this preeaution keeps the 
Bnished work from being marred and also prevents the thin 
edge of the tool from being injured. 

Feeds and euts at the maximum speed of the equipment are 
suggested in Table 2, page 20. 
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MILLING 

Milling is probably the most efficient maehining method for 
removing large quantities of excess metal from aluminum 
parts. Modern milling maehines offer rigid eonstruetion, 
high spindle speeds, and are powered by large motors. De- 
sirable high eutting speeds are attained by the speed of the 
eutter rather than the work. Relatively short ehips are pro- 
dueed by the intermittent nature of the eutting aetion. 
Garbide-tipped eutters ean be used to advantage. 

The eharaeteristies of the teeth for all types of milling 
eutters for the maehining of aluminum should eorrespond, in 
so far as is praetieable, to those for single-point eutting 
tools previously deseribed. Relatively few teeth should be 
employed so that ample spaee is provided for ehip formation 
and so that eaeh tooth aetually euts. Where possible, the 




Figure 6—(A) Inserted-tooth face milling eutter; (B) Spiral 
nieked-tooth plain milling eutter; (C) End mill for milling 
aluminum; and (D) Helieal milling eutter. 
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CONVENTIONAL MILLING CLIMB MILLING 



Figure 7—Climb milling offers eertain admintages. 

teeth should be designed to afford positive top and side rake. 
Reported performance of negative rake eutters for milling 
aluminum has been ineonsistent and sueh eutters are not 
generally aeeepted. Primary elearanee angles of 5° to 10° 
are suggested and seeondary relief should be provided. 

Some typieal high-speed steel milling eutters for aluminum 
are illustrated in Figure 6. Heavy-duty, eoarse-tooth plain- 
type milling eutters with spiral teeth are well suited for 
maehining aluminum. These eutters usually are made with 
spiral angles ranging from 20° to 30° and the teeth should be 
undereut to provide a top rake of 10° to 20°. The spiral angle 
promotes progressive eutting along the eutting edge and the 
slieing aetion whieh results is desirable for the erBeient eut- 
ting of aluminum. Helieal plain milling eutters are made with 
helix angles of about 50° and they perform satisfactoriIy on 
aluminum when the teeth are provided with eonsiderable top 
rake. If two helieal eutters having opposite helix angles are 
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mounted side by side to balanee axial thrust on the spindle 
and work, the eutting edges should meet at an obtuse angle 
so that poekets in whieh ehips eould paek will not be formed. 
Nieking the teeth of plain milling eutters in a staggered pat- 
tern will eause the ehips to be broken into shorter lengths. 
This praetiee is helpful but is not always essential for good 
results. 

Milling operations in whieh the periphery of the eutter 
is tangent to the Hnished surface ean be aeeomplished in two 
manners, as illustrated in Figure 7. In conventionaI milling, 
the eutting teeth and the work move in opposite direetions, 
Considerable rubbing oeeurs when eaeh tooth tries to start 
a new ehip at the Rnished surface. In elimb milling, the 
eutting teeth move in the same direetion as the work and 
eaeh tooth has positive engagement with the work. Glimb 
milling results in more enieient eutting, less heating of the 
tool and work, longer tool life and better Snish. It should be 
employed on rigid setups in sturdy milling maehines whieh 
are free from play in the table and feeding meehanism. 

The prineiples outlined in the preeeding paragraph also 
apply to other types of milling eutters, sueh as straddle mills, 
end mills, and face and side milling eutters. These eutters 
are available in solid or inserted-tooth types. 

Aluminum alloys should be milled at relatively high speeds. 
However, the best eombination of eutting speed, feed and 
eut for a given job depends upon sueh factors as the type 
and design of eutter, the kind of tool material used, the 
sturdiness of the milling maehine, its power, and its ability 
to hold the work seeurely. The speed at whieh metal ean be 
removed is limited mostly by the equipment, but extremely 
high speeds are possible under proper eonditions. Speeds, 
feeds and euts for milling aluminum alloys, applieable to 
average shop eonditions, are shown in Table 2, page 20. 
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DRILLING 

The standard type twist drill performs satisfaetorily on 
aluminum but better results ean be obtained, espeeially when 
drilling soft materials, with drills having a larger spiral angle, 
that is, more twists per ineh. The inereased spiral gives more 
"hook" to the eutting edges, eauses the drill to eut more freely 
and is helpful in removing euttings in deep drilling opera- 
tions. Both kinds are illustrated in Figure 8, next page. 
In general, standard twist drills having 24° to 28° spiral 
may be used for drilling thin stoek or shallow holes. For holes 
deeper than about six times the drill diameter, a drill with a 
spiral of 40° to 50° should be used for best results. Twist 
drills similar to the standard drill, but made with large, 
deeply eut Autes, with a polished Hnish, produee excellent 
results in maehining all aluminum alloys. Sueh drills are used 
to a eonsiderable extent for deep drilling, and, in the larger 
sizes, are provided with holes through the length of the drill 
to permit the forcing of eutting eompound to the tip of the 
drill. These drills do not appear to be as strong as the ordinary 
twist drill, but less breakage is eneountered with them be- 
eause they eut so freely and the euttings pass through the 
Autes so readily. 

Speeds for drilling aluminum may range up to 600 periph- 
eral f eet per minute with high-speed steel drills and 2,000 f eet 
per minute with earbide-tipped drills. The use of a large 
number of revoIutions per minute for twist drills eannot be 
overemphasized beeause the aetual eutting speeds in feet per 
minute are neeessarily low on most drilling equipment with 
the smaller sizes of drills. For instanee, a Ys-ineh drill operat- 
ing at 6,000 rpm has a maximum eutting speed of only 200 
feet per minute. 

For hand feeding, a light feed is helpful, espeeially for 
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Figure 8—Twist Drills: (A) Double-fluted or 
standard twist drill, 24° spiral angle; (B) Speeial 
douhle-fluted twist drill, 47° spiral angle. 

small drills. For power feeds of twist drills of high-speed 
steel, the feeds may be inereased with the diameter of the 
drill. A feed of 0.004 to 0.012 ineh per revolution may be 
used for drills up to %-ineh diameter; 0.006 to 0.020 ineh per 
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revolution for drills %-tol %-ineh diameter; and 0.016 to 0.035 
ineh per revolution for those drills over lM-ineh diameter. 
For earbide-tipped drills, feed rates should be slightly less, 
in the range 0.004 to 0.030 ineh per revolution. 

When the work revolves and the drill is stationary, as in 
a lathe, the straight-Auted drill will sometimes give better 
results than the spiral-Auted drill. 

The standard ineluded eutting-lip angle of 118° at the drill 
point, as supplied by drill manufacturers, is satisfactory for 
most jobs. For deep hole drilling, an angle of 130° to 140° 
facilitates ehip removal and minimizes burring. Drills for 
alloys having a high silieon eontent should have a sharper 
point angle of about 90° for greater ease of penetration. The 
lip elearanee angle of 12° to 15° may be inereased to as 
mueh as 20° when the feed is heavy or when drilling the 
softer alloys. The elearanee should extend from the periphery 
to the eenter so that the ehisel point is at an angle of 130° to 
145° with the eutting edges. Eaeh of the two eutting edges 
of the drill point should be equal in length and make the 
same angle with the axis of the drill. Lands and margins 
should be narrower than on standard twist drills to reduee 
friction and inerease ehip spaee in the Autes. 

The web of a twist drill generally inereases in thiekness 
toward the shank end. Redueing the web thiekness as the 
drill is ground baek will reduee the feeding force. For small 
diameter drills, "notehed-point" thinning, as illustrated in 
Figure 9, next page, is eommonly used. 

The notehed point is obtained by using the sharp eorner of 
an abrasive wheel, the side of the wheel fol!owing the angle 
of the ehisel point. The drill should be held at an angle to the 
wheel to form a slight rake for the new eutting edge, whieh 
is ground to the eenter of the drill. 

On larger drills, notehing the point may produee a poor 
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SHADED AREA SHOWS METAL 
REMOVED IN NOTGHED POINT 
THINNING OF DRILL 

Figure 9—Notched-point thinning of drill point. 
Used on small diameter drills. 

ehip and, therefore, the entire flute is ground at the point A 
thin wheel that has been dressed to a radius is used, as 
illustrated in Figure 10, page 35. The drill is held so that the 
flute is at an angle to the wheel. Most of the metal should be 
ground off the baek of the land and eare must be taken not to 
grind the rake formed by the spiral angle from the eutting 
edge or to destroy the shape of the eutting edge. Drills de- 
signed espeeially for drilling aluminum are marketed by a 
number of the tool manufacturers. 
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Thin material often is drilled satisfactoriIy without the 
use of eutting eompound. A eopious quantity of eutting 
eompound, however, should be applied to the drill when 
drilling deep holes, and it may be neeessary to withdraw the 
drill from the hole oeeasionally to apply eutting eompound 
to the drill point and to dispose of aeeumulated euttings. 

If drills break frequently, the trouble may be eaused by 
laek of rigidity in the maehine or work, an excessive feed, 
or improper drill grinding. 
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Figure 11-Reamers: (A) Plain straight-fluted reamer; (B) 
Spiral-fluted expansion reamer; (C) Straight-fluted taper 
reamer; (D) Spiral-fluted taper reamer. 
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REAMING 

Most of the different types of reamers may be used for 
aluminum. The nutes may be straight, but spiral Autes fre- 
quently produee better results. (See Figure 11.) Flutes 
spiraled in the direetion of rotation of the tool eut freely but 
feed into the work too rapidly. Therefore, reamers with the 
spiral opposite to the direetion of rotation are preferred; this 
type euts more slowly, but the operation ean be eontrolled 
better. In some instanees, speeial reamers made with the 
alternate teeth spiraled in opposite direetions have been 
found advantageous. 

Reamers for aluminum should have large hutes to pass the 
ehips readily, but the number of teeth should be sufficient to 
provide adequate support for the tool. A radial rake angle of 
from 5° to 10° should be used and the elearanee behind a 
very narrow margin should be from 5° to 8°. The eutting 
edges of reamers should be Bnished by honing. 

Maehine reamers less than 2 inehes in diameter may be 
operated at eutting speeds up to 400 feet per minute for 
reaming straight holes. For tapered holes, speeds up to 300 
feet per minute may be used. Holes that are to be reamed 
should be undersized from 0.006 to 0.016 ineh so that the 
reamer has a definite eutting aetion. If the hole is too near the 
Bnished size, an undesirable burnishing aetion may result 
Very often sufficient attention is not given to boring or drilling 
operations whieh prepare the hole for reaming beeause they 
are not Anishing operations. Use of poorly designed or dull 
tools in this preliminary operation may work-harden the sur- 
face in the hole and thus eause variations in the size of the 
reamed hole, Use of a eutting fluid (soluble oil, or a mixture 
of kerosene and lard oil) when reaming at high speed, will 
assist in minimizing distortion and maintaining size. 
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Figure 12— Spiral-fluted tap. (1) Large polished 
flutes provide easy exit for euttings. (2) Undereut 
flutes promde "hook" to eutting edges. 
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THREADING 

Hand and maehine taps of the ground thread type will 
produee smooth, aeeurate threads in aluminum when they 
have Autes that are undereut to provide a top rake of from 
10° to 20° at the leading edges. The Autes should be deep 
and wide to provide ehip elearanee; taps with small Autes are 
not very satisf aetory beeause ehips may paek in the Autes and 
eause tap breakage or damage to the threads, 

Straight-Auted taps are satisfactory for many aluminum 
alloys, espeeially those of Types I and II (Table 1, page 8). 
Spiral-Auted taps like the one illustrated in Pigure 12 may be 
used for any of the alloys; they are better than straight-Auted 
taps, espeeially for tapping soft material. Spiral-Auted taps 
for eutting right-handed threads should have a right-handed 
spiral of about the same spiral angle as that used on an 
ordinary twist drill. Spiral-Auted taps should have a generous 
taper and this taper should be baeked off. Rake on the baek 
face will enable the tap to eut instead of binding when the 
tap is reversed and will provide a elean thread. 

Some taps have a short spiral ground on the front end like 
the one illustrated in the eenter of Figure 13, next page. They 
are known as spiral-pointed or "Gun" taps. This type of 
tap euts aluminum alloys freely. Most of the eutting oeeurs at 
the end of the tap and the euttings eurl ahead of the tool. 
It is, therefore, suited only for operations where there is rooin 
for the euttings to be forced ahead of the tool, as in through 
holes or blind holes that are deep enough for the ehips to 
eolleet at the bottom. Taps of this type, however, are not 
suitable for eutting tapered threads or for use as bottom taps. 

Thread ehasers for self-opening die heads and eollapsible 
taps should be ground with suitable rakes, elearanee and 
chamfer, as shown in Figure 14, page 41. Top rake angle 
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Figure 13— ( A ) Standard tap; (B) SpiraUpointed serew thread 
tap; and (C) Pipe thread tap. (All with deep flutes.) 

should be in the higher range for maehining soft alloys and in 
the lower range for harder ones. When seleeting this type of 
equipment, eonsideration should be given to the disposal of 
the euttings, as some tools offer mueh freer exit for euttings 
than others. Provision for lubrieation is also important. Fine 
threads and sharp V's should be avoided in aluminum, par- 
tieularly the soft alloys, beeause of the tendeney toward 
seizing. Holes for tapping should be drilled slightly larger 
than is normal for iron or steel, or a slightly oversized tap 
should be employed, in order to eompensate for the elastie 
deformation of the metal. 
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Figure 14— Ghasers for self-opening die heads. 

Excellent threads may be ehased on an engine lathe even 
in the softest aluminum, by using a single-pointed threading 
tool. The top and side rake should be in the lower range 
indieated previously for lathe tools, and the tool should be 
properly ground to give the required thread eontour. This 
tool is fed into the work at an angle of 30°, using the eom- 
pound feed. Speeds for threading and tapping usually range 
from 40 feet per minute for the harder alloys to 130 feet 
per minute for the softer alloys. Use of eutting eompound 
in eopious amount and under moderate pressure is desirable. 
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Figure 15— Bandsawing gates and risers 
aluminum easting. 
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SAWING 

It should be emphasized that the same prineiples whieh 
govern the shape of eutting tools for aluminum should be 
applied, as far as is praetieable, to saws for aluminum. While 
this statement may seem obvious, experience with sawing 
equipment indieates that these prineiples often are over- 
looked. It is espeeially important to use comparatively eoarse 
teeth with curved gullets, whieh are free from sharp eorners, 
burred edges and rough surfaces to whieh euttings may 
adhere. Glearanee, although neeessarily small, must never- 
theless be provided; otherwise, the sides of the teeth will 
drag and generate heat. Unsatisfactory performance of saw 
blades employed to eut aluminum frequently ean be traeed 
to a laek or loss of elearanee. 

Gireular saw blades with broad teeth are extensively used 
for aluminum. When sueh blades are made from semihigh- 
speed steel, side elearanee ean be obtained by swaging the 
teeth so that they are wider than the remainder of the blade. 
This type of saw blade is used largely for cutoff operations 
where the euts are short and intermittent. dearanee on 
similar solid high-speed steel blades is attained by hollow 
grinding both sides of the blade. The resulting elearanee 
is more effective and these blades ean be used satisfactoriIy 
for longer euts. 

Gireular saws with ehip-breaker teeth perform better 
than saws having broad teeth. This type of saw, illustrated 
in Figure 16, next page, has teeth so profiled that the first one 
euts deep and the next one euts wide. Another preferred type 
of saw blade has alternate side rake teeth. The teeth are ar- 
ranged, as illustrated in Figure 17, next page, so that the first 
one euts on one side and the next one euts on the opposite side 
of the saw eut. The teeth should have a side rake of about 15°. 
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Both types of blades ean be obtained in the larger sizes 
with inserted or segmented teeth of high-speed steel or 
eemented earbides. 

For all of these types of eirenlar saw blades, the top rake, 
or "hook" may vary up to about 45°. The smaller rake angles 
are used for eutting the harder alloys or when feeding is 
done by hand. The larger rake angles apply to blades for 
eutting the softer materials. Obviously, with the use of Iarge 
rake angles, the sawing maehine must be sturdy and free 
from vibration, and the work must be seeurely elamped and 
fed with a positive feeding device. Where it is desired to 
feed by hand, the saw teeth should have little, if any, top 
rake; otherwise, the saw will enter the work too rapidly. The 
teeth on blades for sawing aluminum, however, should never 
have a negative rake. It is not advisable to employ the alter- 
nate side rake on the teeth of very thin blades beeause of the 
excessive vibrations and blade "wobble" that would oeeur. 

Gireular saw blades for aluminum may be operated satis- 
factorily at peripheral speeds ranging from 5,000 to 15,000 
feet per minute. The lower speeds apply to semihigh-speed 
steel blades, the intermediate ones to high-speed steel blades 
and the higher ones to blades with earbide-tipped teeth. The 
latter blades are being used in inereasing numbers, espe- 
eially in large eireular saws for eutting heavy seetions. 

Bandsawing maehines of the high-speed, metal-eutting 
type perform very satisfactorily in sawing aluminum. Light 
work ean frequently be aeeomplished in heavy-duty, wood- 
working bandsawing maehines. Blade speeds range from 
1,500 to 5,000 feet per minute, but higher speeds have been 
attained satisfactorily. Removal of the kerf material should 
be by true eutting aetion, and "high speed" should not be 
confused with "friction sawing" whieh is not reeommended 
for applieation to aluminum. When high eutting speeds 
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are used, it is important that the maehine be free from 
vibration and that the butt-welded seetion of the band be 
strong, smooth and not thieker than the adjacent parts of 
the band material, 

Bandsaw blades made of spring-tempered steel may be 
used for light work and may be sharpened readily by Sling. 
For heavy work, the flexible baek type of saw with teeth 
hardened to the bottom of the gullet is pref erred. The spaeing 
of the teeth on bandsaws for aluminum should be as eoarse as 
is eonsistent with the thiekness of the material being sawed. 
Blades having as many as 14 teeth per ineh are satisfactory for 
thin materials. The reeent development of so-ealled "skip- 
tooth" blades having only 3 teeth per ineh are admirably 
suited to the sawing of heavy aluminum seetions. In this type 
of blade every other tooth is eliminated baek to the depth of 
the gullet for the remaining teeth. Whereas fine feeds should 
be used with conventional blades to avoid large euttings, 
relatively eoarse feeds ean be used with the skip-tooth blade. 

For eireular and bandsaws as well as power haeksaws, 
a eutting lubrieant is neeessary for most operations involving 
thiek seetions. Soluble oil eutting eompounds and neutral 
mineral-base lubrieating oils applied to the sides of the blade 
aid in minimizing friction and gullet elogging. An oeeasional 
applieation of pararBn wax or heavy grease will provide 
ample lubrieation for some work. The life of bandsaw blades, 
in some instanees, has been prolonged eonsiderably by pro- 
viding a slotted bloek through whieh the saw blade passes. 
This is arranged with a serew-operated grease gun or drip- 
feed oiler so that the blade is eontinually passing through 
the supply of lubrieant before entering the work. 

Haeksaw blades of the wavy-set type are well suited for 
eutting aluminum by hand. 



46 



MACHINING ALCOA ALUMINUM 



BROACHING 

Aluminum alloys are successfully broaehed on standard 
equipment with little trouble. Speeds should be in the upper 
range of maehine eapaeity and a somewhat greater eut per 
tooth than is eustomarily employed with steel should be used. 
A eoarse-tooth piteh is desirable with only two or three teeth 
in eontaet and eutting at any one time. In internal finish 
broaehing, best results are obtained if only two teeth are 
eutting, and, in external broaehing, it is often best to have 
only one finish tooth engaged at one time. 

The general prineiples whieh apply to single-point tools for 
aluminum also apply to the individual broaeh teeth. Rake 
angles should be 10° to 20°. In external broaehing, a side rake 
of 5° to 20° gives a smooth eutting aetion, helps to eliminate 
vibrations, and produees a better finish. Roughing teeth are 
usually "nieked," whieh serves to break the ehips and avoid 
elogging the gullets of the tool. dearanee angles should be 
kept to a minimum, in order to minimize loss of size when the 
broaeh is sharpened. Roughing teeth have about 2° elear- 
anee and Hnishing teeth about 1°. 

In broaehing aluminum, eare should be taken that the 
work is always well supported and rigidly elamped. Broaehes 
should always be kept very sharp; this is partieularly essen- 
tial in broaehes for aluminum. 

A mineral oil or a mixture of kerosene and lard oil, 
supplied generously at low pressure, is desirable in broaeh- 
ing aluminum. 
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ABRASI VE CUTOFF WHEELS 



Rubber-bonded abrasive cutoff wheels frequently ean be 
used to advantage for eutting heavy seetions of the harder 
alloys. These wheels perform partieularly well when eutting 
alloys, sueh as 32S, whieh are high in silieon eontent Smooth, 
aeeurate euts ean be produeed quickly and eheaply with 
abrasive cutoff wheels. Manufacturers of the wheels, as well 
as the equipment in whieh they are operated, should be 
eonsulted for their reeommendations for a partieular appli- 
eation. Loading is frequently eneountered when abrasive 
wheels are used to eut the softer wrought alloys, but these 
alloys ean be eut quite errieiently by sawing. 

FILING 

An excellent general-purpose file for aluminum is shown in 
Figure 18(A). It has eoarse, deeply eut, curved teeth. Its 
piteh of about 10 teeth per ineh affords good elearanee for the 
filings; henee, no dirBeulty is experienced with loading of 
the teeth. This file removes metal rapidly and also produees 
a smooth surface. Beeause of the eoarse teeth, it eannot be 
used for filing small surfaces. Files similar to "A," but with 
the teeth notehed to break up the euttings, remove metal 
even more rapidly, but they do not produee quite so smooth 
a finish. Gertain other modiSeations of this file, with double- 
eut teeth ( more like those of a rasp ) , have been found unsatis- 
factory, in that they eut poorly and produee a rough surface. 

The long-angle lathe file, illustrated in Figure 18(B), is 
excellent for finish-filing aluminum. It has finer teeth than 
those of file "A," whieh reduee the tendeney to "run off." 
Files of this type may have a piteh of 14 to 20 teeth per ineh, 
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and the teeth should be eut to a side rake angle of about 
45° to 55°. The side rake angle provides a more efficient 
eutting aetion by produeing a slieing motion. Beeause of the 
large angle of the teeth, the direetion of motion of the file is 
effective in driving the euttings from the teeth. 

Files with single-eut fine teeth do not work well on alu- 
minum, beeause the euttings stiek in the teeth. Those with 
double-eut teeth, whether fine or eoarse, are no better on 
soft materials, but perform fairly well on the harder ma- 
terials. A double-eut file having the basie eut quite eoarse and 
the overcut mueh finer, is excellent for rapid stoek removal, 
but does not give a good finish. Ordinary files with single-eut 
eoarse teeth may be made to perform nearly as well as the 
long-angle lathe file, by employing a side-sweep motion in- 
stead of one in the direetion of the length of the file. Various 
types of files designed specifically for filing aluminum are 
available from several of the file manufacturers. Files with 
eoarse or medium-eoarse teeth, single eut, are better if used 
with oil. Chalk rubbed over the teeth also helps to prevent 
loading. File eards should be used frequently to remove the 
strain-hardened ehips from the teeth so that they do not 
damage the finished surface. 

Where rifflei*s are used, they should have eoarse teeth. 
Rotary files and burrs should be spiral-eut. Abrasive disks, 
drums, and belts of various grits are often used to impart 
the desired finish. 
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CUTTING SPEEDS, FEEDS, AND 
POWER REQUIREMENTS 

Wide ranges of eutting speeds and feeds may be used in 
maehining aluminum, but best results are generally obtained 
by employing high speeds, moderate feeds and depths of 
eut. Table 2, page 20, presents approximate values for these 
variables as are applieable to the average shop. Seleetion of 
partieular values for speed, feed, and eut depths usually is 
dependent upon the eharaeter of work, type of tool, eut- 
ting eompound, and eharaeteristies of the maehine in whieh 
the work is being done. The rate at whieh the excess alu- 
minum ean be removed is more a function of maehine tool 
limitations than maehining eharaeteristies of the metal itself. 

Milling eutters, as well as single-point lathe tools, have 
been used at eutting speeds approaehing 20,000 feet per 
minute without any indieation of even this speed being an 
upper limit as far as the maehining eharaeteristies of alu- 
minum are eoneerned. These phenomenal maehining speeds 
and the eorrespondingly high rates of metal removal ean be 
utilized only in maehine tools that have heavy, sturdy eon- 
struetion and are balaneed properly to operate smoothly at 
the high speeds. More power than is usually available in 
standard maehine tools eould be utilized to good advantage. 
From 2 to 7 eubie inehes of aluminum per minute ean be 
removed from the work for eaeh horsepower that is available. 
Values in the upper end of this range apply when the ma- 
terial is relatively low in shear strength, when the feed is 
great, or when the tools have large rake angles. The lower 
values prevail when the rate of speed is small, when the 
shear strength of the material is high, or when relatively in- 
efficient metal removal operations, sueh as drilling, are 
employed. 
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eUTTING COMPOUNDS 



Dry machining operations are often aeeomplished satisfac- 
torily on aluminum when the speeds are great and the feeds 
and euts are moderate. Most of the generated heat leaves with 
the ehips, and the work and tools remain eool. When heavy 
euts and feeds produee excessive heat, however, a eutting 



eompound should be used, and often the type of eompound 

that is essentially a eoolant will produee the best results. For I 

this purpose, soda water or a lean, soluble oil solution is gen- j 

erally employed and, in some instanees, it may be desirable 

to add a small amount of lard oil or kerosene. This type of 

eompound is widely used for milling, drilling and sawing | 

operations. 

Where the eutting eompound must have more definite 
lubrieating eharaeteristies, the following suggestions apply: I 

1. Straight mineral oils having a viscosity of about 60 see- I 
onds Saybolt universal at 100° F are relatively inexpen- | 
sive and yield good results. 

2. Additions of from 5 to 10 per eent of a fatty oil, sueh 

as lard oil, will improve the performance of the straight I 
mineral oil. | 

3. Speeial oils have been produeed by many of the oil ^ 
eompanies for use as a lubrieant when aluminum is 

being maehined. Most of these proprietary oils give I 



excellent results. 

4. Another excellent lubrieant eonsists of equal parts of 
lard oil and kerosene, but the proportions may be varied 
over a wide range for different operations. 

5. Heavy euts and feeds as eneountered in heavy roughing 
euts and tapping operations require the use of higher 
viscosity lubrieants. 

52 



I 
I 



MACHINING ALGOA ALUMINUM 



GRINDING 

The harder free-cutting aluminum alloys may be ground 
satisfactorily with free-cutting eommereial silieon-earbide 
grinding wheels, sueh as Oystolon, Carborundum and 
Natalon. Aluminous abrasives from No. 14 to No. 36 gen- 
erally are preferred for rough grinding work. Resin-bonded 
wheels of medium hardness and grit sizes of 24 to 30 also have 
been found to be satisfactory for rough grinding operations. 
Finish-grinding operations ean be aeeomplished satisfactorily 
by use of a softer vitrified bonded silieon-earbide wheel 
having a somewhat smaller grit size. The assistanee of the 
wheel supplier should be obtained in seleeting the proper 
grade of eaeh eommereial make of wheel. 

Onee a grinding wheel has been seleeted, there are three 
variables that affect the quality of a finish, namely, wheel 
speed, work speed and grinding eompound. Wheel speeds 
of about 6,000 feet per minute have given good results, but 
both wheel and work speeds ean best be set by the experi- 
eneed operator aeeording to his own good judgment. A 
solution of soluble eutting oil and water works well as a 
grinding eompound. It is important that the fine grindings 
of aluminum be strained from the eompound before re-using, 
in order to prevent deep seratehes on the finished surface. 

The soft alloys eause the grinding wheel to elog and re- 
quire generous use of a grease stiek. Furthermore, speeial 
eare may be required in grinding eastings and wrought alloy 
produets that have been heat treated. Their greater resist- 
anee to eutting generates a eonsiderable amount of heat 
whieh, in turn, may eause warping and render the main- 
tenanee of dimensions difficult. 
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FINISHES 

Smooth, lustrous Anishes may be produeed on aluminum and 
most of its alloys by the applieation of proper maehining 
proeedures. By employing the roughing, greasing, buffing 
and eoloring proeedures outlined in Table 3, brightly pol- 
ished surfaces may be produeed. Other effective meehanieal 
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finishes inelude sandblasting, seratehbrnshing and peening. 
Aluminum may also be Rnished by the use of ehemieal solu- 
tions and by eleetroehemieal proeesses, sueh as the patented 
Alumilite* proeess. The hard, wear-resistant aluminum oxide 
eoating produeed by this proeess does have some thiekness. 
Allowanee should be made for this thiekness in maehining 
cIose-fitting parts. Generally, however, if the parts are kept 
on the low side of toleranee on outside diameters and on the 
high side of toleranee on inside diameters, the allowanee 
will be siiflBcient to eompensate for the eoating. 

Paint, lacquer and enamel also are applieable to aluminum. 
For more eomplete information on the subject of finishing, 
write to Aluminum Company of Aineriea. 

Suggested praetiees for maehining aluminum in automatie 
serew maehines are covered in another booklet, Aleoa Alu- 
minum in Automatie Serew Maehines, whieh is available 
upon request. 



*A trade name of Aluminum Gompany of Ameriea 
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TABLE 4 

TypieaP Meehanieal Properties of Wrought Aluminum Alloys 



Alloy and Temper 


Tensile 
Strength, 
Lb. Sq. In, 


Yield 
Strength 
(Offset = 

0.2%), 
Lb./Sq. In. 


Elons 
Per Cent 

Sheet 
Speeimen 
VAt ineh 
Thiek) 


ation, 

in 9 InrliAe 
in x intntss 

Round 
Speeimen 
(/ 2 ineh 
Diameter) 


Brinell 
Hardness, 
500-kg. 
Load 
10-mm. 
Ball 


Shearing 
Strength, 
Lb./ 
Sq, In. 


Enduranee 
Limit,( 2 ) 
Lb./ 
Sq. In. 


BDIS-O 


1 0,000 


4,000 


43 




19 


7,000 


3,000 


BD1S-H12 


1 2,000 


1 1,000 


16 




23 


8,000 


4,000 


BD1S-H14 


14,000 


1 3,000 


12 




26 


9,000 


5,000 


BD1S-H16 


1 6,000 


1 5,000 


8 




30 


10,000 


6,000 


BD1S-H18 


1 9,000 


1 8,000 


6 




35 


1 1 ,000 


6,500 


EOO 


1 2,000 


4,000 




( 3 ) 








EG-H19 


27,000 


24,000 




( 3 ) 






7,000 


2S-0 


1 3,000 


5,000 


35 


45 


23 


9,500 


5,000 


2S-H 1 2 


1 5,500 


1 4,000 


1 2 


zo 


28 


1 0,000 


6,000 


2S-H 1 4 


1 7,500 


1 6,000 


9 


20 


32 


1 1 ,000 


7,000 


OC U 1 A 

zo-n l o 


oa aaa 
zU,UUU 


1 8,000 


jt 
o 


1 / 


o D 
oo 


1 O AAA 

1 ^,uuu 


8,000 


2S-H18 


24,000 


22,000 


5 


15 


44 


1 3,000 


8,500 


OC f*\ 


1 6,000 


6,000 


30 


40 


28 


1 1 ,000 


7,000 


3S-H 1 2 


1 9,000 


17,000 


10 


20 


35 


1 2,000 


8,000 


3S-H 1 4 


2 1 ,500 


1 9,000 


8 


16 


40 


1 4,000 


9,000 


3S-H 1 6 


25,000 


22,000 


5 


14 


47 


1 5,000 


9,500 


OC U 1 D 

Oo-M 1 a 


oo aaa 
zy,UUU 


26,000 


4 


10 


55 


1 A AAA 

1 o,UUU 


1 A AAA 
1 U,UUU 


Aldad 3S 




Properties substantially same as 3S 






A C f\ 


zo,UUU 


10,000 


20 


25 


45 


1 6,000 


1 4,000 


4S-H32 


3 1 ,000 


22,000 


10 


17 


52 


1 7,000 


1 5,000 


4S-H34 


34,000 


27,000 


9 


12 


63 


1 8,000 


16,000 


4S-H36 


37,000 


31,000 


5 


9 


70 


20,000 


1 7,000 


4S-H38 


40,000 


34,000 


5 


6 


77 


21,000 


1 8,000 


Alelad 4S 




Properties substantially same as 4S 






1 I O- I J l*J 


C £ AAA 

D 0,UUU 


48,000 




15 


95 


O O AA A 
OZ,UUU 


i q nnn 
1 o,UUU 


1 l o- 1 o 


C7 AAA 

o/,uuu 


39,000 




17 


97 


O A AAA 

J4,UUU 


1 Q AAA 

1 o,UUU 


1 1 e TQ 

l lo-io 


^O AAA 

Dy,UUU 


45,000 




12 


100 


O C AAA 

oo,uuu 


1 Q AAA 

1 o,uuu 


14S-0 


27,000 


14,000 




18 


45 


1 8,000 


13,000 


1 4o- 1 4 


iO AAA 

Oz,UUU 


40,000 




20 


105 


O Q AA A 

Jo,UUU 


OA AAA 

zU,UUU 


1 iC TA 
1 4o- 1 O 


ta nnn 
/U,UUU 


60,000 




13 


135 


A O AAA 
4Z,UUU 


1 Q AAA 

i o,uuu 


Alelad 14S-0 


25,000 


1 0,000 


21 






1 8,000 




Aklad 14S-T3 


63,000 


40,000 


20 






37,000 




Alelad 14S-T4 


61,000 


37,000 


22 






37,000 






ap. non 


60,000 


1 1 






41 ,000 




17S-0 


26,000 


10,000 




22 


45 


18,000 


13,000 


1 7S-T4 


62,000 


40,000 




22 


105 


38,000 


1 8,000 


A17S-T4 


43,000 


24,000 




27 


70 


28,000 


13,500 


1 QC TX 1 
1 OO- 1 0 1 


A 1 AAA 

O 1 ,uuu 


46,000 




12 


120 


oo nnn 
oy,uuu 


1 7 AAA 
1 / ,UUU 


B. 1 QC T70 
u 1 oo-l / / 


A Q AAA 


37,000 




1 1 


95 


on nnn 
ou,uuu 




24S-0 


27,000 


1 1,000 


19 


22 


47 


1 8,000 


1 3,000 


24S-T3 


70,000 


50,000 


18 




120 


41,000 


20,000 


24S-T4 


68,000 ( 5 ) 


48,000 ( 5 ) 


20 


19 


120 


41,000 


20,000 


24S-T36 


72,000 


57,000 


14 




130 


42,000 


1 8,000 


Aklad 24S-0 


26,000 


1 1 ,000 


19 






1 8,000 




Alelad 24S-T3 


64,000 


44,000 


18 






40,000 




Aklad 24S-T4 


64,000 


42,000 


19 






40,000 





5S 



TABLE 4— Conduded 
Typieal' Meehanieal Properties of Wrought Aluminum Alloys 



Alloy and Temper 


Tensile 
Strength, 

Lb./Sq. h. 


Yield 
Strength 
(Offset = 
0.2%), 

lh /^n In 

iLD, / oq. in. 


Elone 
Per Cent 

Sheet 
Speeimen 
\ /14 inen 
Thiek) 


lation, 

in 2 inehes 

Round 
Speeimen 
\ 71 men 
Diameter) 


Brinell 
Hardness, 
500-kg. 
Load 
10-mm. 
Ball 


Shearing 
Strength, 
Lb./ 
Sq. In. 


Enduranee 
Limit,(2) 
Lb./ 
Sq. In. 


Aklad 24S-T36 


67,000 


53,000 


1 1 






41,000 




Alelad 24S-T81 


65,000 


60,000 


6 








Alelad 24S-T86 


70,000 


66,000 


6 












25S-T6 


58,000 


37,000 




19 


110 


35,000 


1 8,000 


32S-T6 


55,000 


46,000 




9 


120 


38,000 


1 6,000 


B50S-O 


21,000 


8,000 


24 




36 


1 4,000 


1 2,500 


B5GS-H32 


24,500 


21,000 


9 




45 


16,000 


B50S-H34 


27,500 


24,000 


8 




50 


1 7,000 


1 6,000 


B50S-H36 


29,500 


26,000 


7 




54 


1 8,000 


17,000 


B505-H38 


3 1 ,000 


28,000 


6 




57 


1 9,000 


18,000 


A51S-T6 


48,000 


43,000 




17 


100 


32,000 


11, 000 


52S-0 


27,000 


1 2,000 


25 


30 


45 


1 8,000 


1 6,000 


52S-H32 


34,000 


27,000 


1 2 


1 8 


62 


20 000 


1 7 000 


52S-H34 


37,000 


31,000 


10 


14 


67 


21^000 


1 8,000 


52S-H36 


39,000 


34,000 


8 


10 


74 


23,000 


1 9,000 


52S-H38 


41,000 


36,000 


7 


8 


85 


24,000 


20,000 


53S-0 


1 6,000 


8,000 




35 


26 


1 1,000 


8,000 


53S-T4 


30,000 


20,000 




21 


62 


18,000 


1 3,000 


53S-T5 


27,000 


21,000 




15 


60 


17,000 




53S-T6 


37,000 


32,000 




13 


80 


23,000 


13,000 


56S-0 


42,000 


22,000 




35 




26,000 


20,000 


56S-H18 


63,000 


59,000 




10 




34,000 


22,000 


56S-H38 


60,000 


50,000 




1 5 




32,000 


61S-0 


1 8,000 


8,000 


22 


30 


30 


12,500 


9,000 


61S-T4 


35,000 


21,000 


22 


25 


65 


24,000 


13,500 


61S-T6 


45,000 


40,000 


12 


17 


95 


30,000 


13,500 


62S-0 


17,000 


6,500 




30 


28 


1 2,000 


8,500 


62S-T4 


35,000 


21,000 




25 


65 


24,000 


1 3,500 


62S-T6 


45,000 


40,000 




17 


95 


30,000 


13,500 


63S-T42 


£ Z,UUU 


T 9 C\C\C\ 

1 J,UUU 


9 A 




42 


1 4,000 


9,500 


63S-T5 


9"7 C\C\C\ 

/./ ,uuu 


2 1 ,000 


1 2 


• • 


60 


1 7,000 


9,500 


63S-T6 


35,000 


3 1 ,000 


1 2 




73 


22 000 


9 500 


63S-T83 


38^000 


36^000 


10 




82 


63S-T831 


32,000 


29,000 


10 




70 






63S-T832 


45,000 


40,000 


10 




95 






75S-0 


33,000 


1 5,000 


17 


16 


60 


22,000 




75S-T6 


82,000 ( 6 ) 


72,000 {*) 


1 1 


1 1 


150 


49,000 


24,000 


Alelad 75S-0 


32,000 


14,000 


17 






22,000 


Aldad 75S-T6 


76,000 


67,000 


1 1 






46,000 





' The values given in this table are averages whieh take into aeeount the variations introdueed by size, shape or 
method of manufacture. For guaranteed minimum values, see the Aleoa booklet, "Aleoa Alu.ninum and Its Alloys," 
Tables 30 through 41. 

2 Based on 500 million eyeles of eompletely reversed stress using the R. R. Moore type maehine and speeimen. 

3 This material is eommonly used in wire sizes for whieh the typieal elongation in 10 inehes is about 23% for EC-0 
and 1.5% for EC-H19. 

4 For sizes up to 1 '/2 inehes. For larger sizes, the strengths will be somewhat lower. 

5 The strengths of extrusions more than about % ineh thiek will be 15 to 20% higher. 

6 Extrusions will have strengths about 8 to 10% higher. 
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DESIGNING FOR ALCOA DIE GASTINGS 
Handbook of design eonsiderations as they affect 
eeonomy, strength and produetion of die eastings. 
Prohisely illustrated with 170 comprehensive Bgures 
and photographs. 190 pages. 

ALGOA ALUMINUM AND ITS ALLOYS 
Kundamental infonnation eoneerning the alloys pro- 
dueed by Aluminum Gompany of Ameriea. 179 
pages. 25 illustrations. 107 data-paeked tables. 

FORMING ALGOA ALUMINUM 

Explains the fabrication of aluminum by blanking and piereing, drawing, 
spinning, shape forming, embossing, eoining and stamping. 77 pages. 14 tables. 
25 illustrations. 

DESIGNING FOR ALGOA FORGINGS 

A handbook to aid designers of forged produets. Diseusses best applieations 
for aluminum and magnesium forgings; ehoiee of alloys; effect of proeesses 
on design; eeonomy of design; quality and strength; toleranees and maehining 
allowanees. 171 pages. 16 tables. 165 illustrations. 

WELDING AND BRAZING ALGOA ALUMINUM 

Detailed information on toreh welding, are-welding, resistanee welding and 
the various methods of brazing. ineludes a diseussion of the reeently developed 
tungsten-are welding. 136pages. 55 illustrations with 6 eolor plates of welding 
Aame adjustments. 18 tables. 



ALUMINUM GOMPANY OF AMERIGA 
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of Helpful Information on Aluminum 




RIVETINO ALCOA ALUMINUM 
Information on riveting aluminum, strength and pro- 
portions of riveted joints, driving methods, and alloy 
seleetion, 84 pages. 32 tables. 16 illnstrations. 

ALCOA ALUMINUM IN 

AUTOMATIG SGREW MAGHINES 
Information on maehining alnminum on automatie 
serew maehines, to help the operator understand 
general praetiees, proper tools, speeds, feeds and 
angles. 99 pages. 22 tahles. 31 illustrations. 

ALGOA ALUMINUM IMPACT EXTRUSIONS 
This helpful booklet for the designer explains the impaet extrusion proeess and 
deseribes the factors afFecting design. Ineludes pietures of a number of typieal 
applieations. 48 pages. 5 tables. 37 illustrations. 

ALCOA STRUGTURAL HANDBOOK 

Seetion elements of various struetural shapes produeed in Aleoa aluminum, 
together with strength data on members fabricated in the various alloys. 
Diseussions, examples, Bgures aiul tables. 214 pages. 

GASTING ALGOA ALLOYS 

Deseription of the various ahiminum easting alloys. Gonsiderations in seleetion 
of easting proeess. General foundry prineiples and preeautions. 136 pages. 
21 tables. 29 illustrations. 



ALCOA BUILDING, PITTSBUR(;H 19, PA. 
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PRODUGTS 
SOLD BY ALCOA 



NOTE: This list of produets eontains a minimum 
number of cross-ref ereneed items neeessary for the 
readers convenience. Many produets— east, f orged, 
draw pressed, extruded, iinpaet extruded, serew 
maehine and job shops— are produeed to eustom- 
ers' speeiBeations. Your nearest Aleoa sales ofBce 
ean be helpful in reeommending the most efficient 
applieation of these produets to your needs. 



ACSR (aluminum eable 
steel reinforced ) 

Alelad aluminum 
Pipe 
Plate 
Sheet 
Tube 
Wire 

Aluminas (see Ghemieals ) 

Angles 

Bar 

HexagonaI 
Reetangular 

Speeial shapes for serew ma- 
ehine stoek 

Barrels 

Beams 

Beer barrels 

Billets or blooms for wrought 
aluminum produets 



Bolts 

Brazing flux and wire 

Bus (see Eleetrieal 
eonduetors ) 

Gable ( see Eleetrieal 
eonduetors ) 

Garboys 

Gasting alloy ingot 

Gastings 
Die 

Permanent mold 
Plaster mold 
Sand 

Semipermanent mold 
Ghannels 

ehemieals 
Aluminas 
Activated 
Galeined 
Hydrated 
Low soda 
Tabular 



ALCO A PRODUGTS (Continued) 



Ghemieals (Concluded) 
Aluminum Auoride 
Gryolite 
Fluoboric aeid 
Gallium 

Sodium aeid Auoride 

Sodium Auoride 
Gireles, sheet and plate 
Glosures, bottle 

Sealing maehines 
Goiled sheet 
Goiled tube 
Gold-headed produets 
Collapsible tubes for paek- 

aging tooth paste, drugs, 

eaulking eompounds, 

greases, ete, 
Gonduit, rigid 
Gopings 

Gorrugated sheet 
Cryolite inseetieide 
Die eastings 
Draw press produets 
Drums, shipping 
Eleetrieal eonduetors 
Gable, all-aluminum or 
ACSR (aluminum 
eable steel reinforced) 
Gable Sttings and aeeessories 
Buses 
Ghannels 
Flat 
Tubular 
Bus Bttings and aeeessories 
Fuse wire 
Wire 

Eleetrieal metallie tubing 
Extruded shapes 



Fasteners 
Bolts 
Nails 
Nuts 
Rivets 
Serews 

Serew maehine produets 
Washers 
Finishes 
Alumilite 
Alrok 

Eleetroplating 

Other Bnishes are available 
Fluoboric aeid 
Fluorides ( see Ghemieals ) 
FoiI 

Gondenser 

Insulating 

Household 

Milkbottle hoods 

Paekaging 
Forgings, hammer and press 
Fuse wire 
Gallium 
Grained ingot 
Gravel stops 
H-beams 
Hammer forgings 
Handrail pipe and fittings 
I-beams 

impaet extrusion produets 

Ingot 

Casting alloy 

For wrought produets 

Metallurgieal granulated 

inseetieide, eryolite 

Continued on next page 
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ALGOA PRODUGTS (Continued) 



Irrigation pipe 
Kettles 

Lighting sheet 
Lithograph sheet 
Milkbottle hoods, fofl 
Moldings (see Extruded 

shapes ) 
Naiis 
Nuts 

Paint pigment, almninum 
Patterned sheet 
Permanent mold eastings 
Piano plates 

pi g 

Pigments 

Powder and paste for paint 
and printing ink 
Pipe ( see also Tube ) 

Gonstruetion 

Handrail, and Bttings 

Irrigation 

Standard, and rittings 
Pistons 

Plate ( see Sheet ) 
Alelad 
Gireles 

Odd-shaped blanks with 

sheared or sawed edges 
Reetangular 
Tapered 
Tread 
Plaster mold eastings 

Powder, aluminum ( see also 
Pigments ) 
Dusting 

Rubber eompounding 



Press forgings 

Proeess equipment (made to 

specification ) 
Reetangular tube 
Reetangular wire, rod and bar 
ReAeetor sheet 
Rivets and rivet wire 
Rod 

Redraw 

Round 

Rooring sheet 
Sand eastings 
Sereening wire 

Serews 
Maehine 
Sheet metal 
Speeial types 
Wood 

Serew maehine produets 
(made to speeineation ) 

Serew maehine stoek ( see also 

Rod, Rar) 
Seals ( bottle elosures ) and 

sealing maehines 

Semipermanent mold eastings 

Sheet (see also Plate) 
Aleiad 
Gireles 
Goiled 
Flat 

Odd-shaped blanks with 

sheared or sawed edges 
Speeialty sheet 

Alumilite 

Brazing 

Gorrugated 



ALCOA PRODUGTS (Concluded) 



Sheet (Concluded) 
Speeialty sheet 
Lithograph 
Patterned 
Reeording eireles 
ReAeetor 
Roofing 
Siding 
Tapered 
Shipping eontainers 
Beer barrels 
Garboys 
Drums 
Siding sheet 
Sodiiun aeid Huoride 
Sodium Auoride 
Solder and flux 
Spandrels 
Square tube 

Struetural assemblies (made 

to specification ) 
Struetural shapes (rolled and 

extruded) 
Tanks, wekled 
Tees 

Thin-wall eontainers 

Thread lubrieant and eompound 

Thresholds 

Tool and jig plates 

Tooth paste tubes 

Tread plate 



Tube ( see also Pipe ) 
Alelad 
CoiIed 

Eleetrieal metallie 
Heat exchanger 
Round 
Square 

Speeial shapes 
Tubes, eollapsible 
Welding materials 

Flux 

Wire 

Washers 

Wheels, truek, trailer and bus 

Dise 

Spoke 
Window sills 
Wire 

Alelad 

Flattened 

Hexagonal 

Reetangular 

Round 

Rivet 

Speeial shapes 

Square 

Welding 
Wire, eleetrieal (see Eleetrieal 

eonduetors ) 
Zees 



COMMERCIAL FORMS OF MAGNESIUM PRODUGTS sold 
by Aleoa inelude Gastings, Forgings, Sheet and Plate, 
Extrusions, Tube and Pipe, Rod and Bar, and Strue- 
tural Shapes. Also available are Pipe Line and Water 
Tank Anodes. 
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LIST OF FIGURES 



1. Lathe tool is set at or slightly above eenter 16 

2. Lathe tool and liolder 22 

3. Lathe tool with bit that is easily ground to the proper shape 23 

4. Planer tool for roughing euts 26 

5. Planer tool tor Rnishing euts. . 27 

6. (A) Inserted-tooth faee milling eutter; (B) Spiral nieked-tooth 

plain milling eutter; (C) End mill for milling aluminum; and 

( D ) Helieal milling eutter 28 

7. eiimb milling offers eertain advantages 29 

8. Twist Drills: ( A ) Double-mited or standard twist drill, 24° spiral 

angle; ( B ) Speeial double-Auted twist drill, 47° spiral angle 32 

9. Notehed-point thinning of drill point 34 

10. Point-thinning by grinding flute on thin wheel dressed to a radius 35 

11. Reamers: (A) Plain straight-Auted reamer; (B) Spiral-Auted 

expansion reamer; (C) Straight-Auted taper reamer; (D) Spiral- 
Auted taper reamer 36 
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List of Figures (Goneluded) 

12. Spiral-Auted tap. ( 1 ) Large polished Autes provide easy exit for 

euttings. (2) Undereut Autes provide "hook" to eutting edges 38 

13. (A) Standard tap; (B) Spiral-pointed serew thread tap; and 

(C) Pipe threadtap 40 

14. Ghasers for self-opening die heads . .41 

15. Bandsawing gates and risers from an aluminum easting 42 

16. Chip-breaker type saw teeth .44 

17. Alternate side rake type saw teeth. . .44 

18. Files: (A) Goarse tooth file; (B) Long-angle lathe file 49 



TOPIGAL INDEX 



A 

Aleoa aluminum advantages 5 

Aleoa literature 04-5 

Aleoa produets 60- 9 

Alloys 7-12 

Composition H-9, 11 

('uts, speeds and t'eeds 20, 51 

Kinishes 54-0 

Maehinability h-9, 10-12 

Meehanieal properties 00-3 

Temper designations 6 

Alumilite proeess 50 

B 

Bandsaws and bandsawing. .... .42, 45-0 

Boring and boring tools. 20, 24 

Broaehing 47 

C 

Carbide-tipped tools 15, 17, 19 

Gasting alloys 8, 11, 60-3 

diasers, Threader 39-41 



Chip elearanee 13 

Milling .30 

Heaming 37 

Threading 40 

Chip eontrol 24 

Circular saws 43-6 

eiimb milling 29, 30 

eomposition of alloys 8-9, 11 

Cutoff wheels 48 

Cutting eompounds 55! 

see also Lubrieation 

Cutting feeds and speeds 20. ;>l 

euttings 24-5 

D 

Deep drilling 31, 33 

DeAnitions of tool shapes 15-17 

Design, Tool 15-17 

Designations, Temper 6 

Diamonds 15 

Drills and drilling 31-5 

B 

Kngine lathe praetiee 20-5 



71 



This bookis due on the lastdate stamped 
below. Fines will be eharged on all 
overdue books. 



I N D E X 



F 

Keeds and speeds 

Bandsaws . 

Boring 

Drilling 

Lathe 

M I ) I I I ! - 

Planing and shaping . . . 

Reaining 

Sawing 

KiU's and nling 

Kinishes, Aluminum alloy 
Kinislies, Tool 
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G 

Grinding . . . . 

"(iun" taps 



Heat-treatahle alloys 

Hi^h-speed steel tools .... 



L 

Lathe ttles 

Latiies . . . . 

Centers 

Olip breakers 

Cuts, feeds and speeds " 

Praetiee Howard 

Supports 

Lubrieation 

Broaehins .47 

Drilling; 31, 35, 52 

Grinding 53 

Millins 52 

Sawing 40, r>2 

Threading 41 

M 

Maehinability 8-9, 10-12 

Materials, Tool .13-15 

Meehanieal Anishes .54-9 

Meehanieal properties 58-63 

Permanent-mold easting alloys . . .62-3 

Sand-easting aHoys , 60-1 

Wrougrht alloys 58-9 

MiUing 28-50 

CIinib milling 29, 30 

Cuts, feeds and speeds 20, 30, 51 

Cutters . . . 28-3(1, 5) 

Lubrieation 5] 



Tilton Memorial Library 



T 

Taper reamers m 

Taps 38-40 

Temper designations 6 

Thread ehasers 39-41 

Threadinpr 39-41 

Tool tinishes 19 

Tool holders, Lathe 22-3 

Tool materials 13-15 

Tool seleetion 17 

Tool sliapes 15-19 

Tools 13-19 

see also speeine tools and proeesses 

Turning; tools 21 -:i 

Twist drills . .31-3 

W 

Wrought alloys 9, 11-12, 58-9 
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ALCOA SALES OFFICES 



1 3 



AKRON 8, OHIO ....r>06 

ALBANY 7, N. Y 

ALLENTOWN, PA 

ATLANTA 3, GA . . 

BALTIMORE 1, MD 

BIRMINGHAM 3, ALA 

BOSTON 16, MASS 2 

BUFFALO 7, N. Y 

CHARLOTTE 2, N. C. 

GHATTANOOGA, TENN.. . . 

CHICAGO 11, ILL 

CINCINNATI 2, OHIO , 

CLEVELAND 13, OHIO . . . 

COLUMBUS 15, OHIO 

DALLAS 1, TEXAS 

DAVENPORT, IOWA 

DAYTON 2, OHIO... 
DENVER 2, GOL0....524 a 
DETROIT 2, MICH.. . 

FAIRFIELD, CONN ^ 

FORT WAYNE, IND 

GRAND RAPIDS 2, MICH. X 

HARTFORD 3, CONN ^ 

HOUSTON 2, TEXAS j= 

INDIANAPOLIS 4, IND.. . . ** 

JACKSON, MICH £C 

KANSAS CITY 0, MO. P 

LOS ANGELES 14, CALIF ~ 
LOUISVILLE 2, KY... 

MIAMI 32, FLA 

MILWAUKEE 2, WIS.. 
MINNEAPOLIS 2, MIN 

NEWARK 2, N. J 

NEW ORLEANS 12, l| 
NEW YORK 17, N. Y. 
OKLAHOMA CITY 2, ( 

PEORIA 1, ILL. 

PHILADELPHIA 9, P. 
PITTSBURGH 19, PA. 
PONTIAG 15, MICH.... 
PROVIDENCE 3, R. L 
RICHMOND 19, VA... 
ROCHESTER 4, N. Y. 

ST. LOUIS 8, MO 

SAN FRANCISCO 4, C 
SEATTLE 1, WASH.. . 
SOUTH BEND 5, IND 
SPRINGFIELD 3, MAS 
SYRACUSE 2, N. Y.. . . 

TAMPA 2, FLA I 

TOLEDO 4. OHIO 

VANCOUVER, WASH. 
WASHINGTON 6, D. C 

WICHITA 2, KAN 

WILMINGTON, DEL.. 
YORK, PA 



TO BORROWER: DO NOT REMOVE 
THIS CARD FROM POCKET. A CHARGE 
OF $1.00 WILL BE MADE IF CARD IS 
• 'ISSING OR MUTILAT c O WHEN BOOK 
IS RETURNED 
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